It used to be said in my home town, that the cheapest funeral you could get consisted of taking a candle in your hand and going out, yourself, to the churchyard. As judged by the previous introductory articles, this one should be something like it: an obituary written by the fellow himself. Let it be that. The world has never known a more tumultuous period than ours and so, if Erasmus is correct, there has to be a correspondingly deep change in our ideas, a change more profound than any earlier one. It is clear to me what this change is: a transition from the prescientific to the scientific. Not only is this change profound, but it has come upon us too suddenly, leaving no time to adjust.
The difference between the two worlds is best illustrated by the story of the two stones, and of Aristotle, one of the greatest prescientific thinkers, and Galileo, one of the first modern scientists. Aristotle said that a big stone falls faster than a small one. The interesting point about this statement is not that it was wrong, but that it never occurred to Aristotle that he could try an experiment, to test his ideas. He would have considered such a proposal an insult. Man had only to think to find the truth, his mind being superior to crude experience. The mind reigned supreme. There was no reason to doubt,
either, that what the senses conveyed was the last reality. If we touch things, they feel hard or soft, wet or dry; so, according to Aristotle, these had to be the ultimate elements out of which the world was built. There could not be the least doubt that it was the Universe which rotated around us. It was only a small additional step to suppose that even our feelings were trustworthy guides and that our everyday experience could be extended to problems beyond our reach. So if man resented death there could be no death, only Hades, Hell, or Heaven. If man wants a house, he has to build it, so if there is a Universe, somebody must have built it and be running it, somebody more powerful than ourselves. So man populated his world with gods, one or many, shaped in his own image. But even if there were beings more powerful than ourselves, we had to be their main concern, and remained the center.
So gradually, man built himself an imaginary world based on "faith," that is, accepting things without evidence. This faith was codified at different ages as religions in the name of which men tortured, subjugated, and killed one another. What underlay this prescientific thinking was man's trend for autistic thinking and his boundless self-confidence. While thinking himself the center, supreme master and judge, man had to remain the toy of Nature.
Two thousand years after Aristotle, something must have happened to man's mind for here and there people appeared, like Copernicus or Kepler, who modestly tried to put two and two together, while a boisterous young man went up a leaning tower to drop two stones, a big one and a small one, bidding his companions to observe which one hit the pavement first. What is essential about this simple act was a humble attitude: if we want to find out Annu. Rev. Biochem. 1963.32:1-15 The same young man did not trust the perfection of his senses either, and later built the telescope to improve his sight. With his improved sight he could see the satellites of Jupiter and the rings of Saturn, never seen by man before, clearly indicating that the Universe could not have been created solely for man's pleasure or temptation. Today, three and a half centuries later, we see experimental science in rapid expansion, changing all parameters of human existence, creating an entirely new world, in which man has become the short-lived inhabitant of one of the small satellites of one of the millions of stars of one of the millions of galaxies, in a Universe expanding at increas ing speed, dominated by quantum laws. What underlies this change is a new scientific thinking. The essential feature of this thinking is humility, the realization of our imperfections. The first command of this thinking is to accept nothing without evidence, face problems as such, with a cool head, without fear or prejudice, with uncompromising honesty of thought, unbiassed by fear, hopes, or interest.
We are living in the middle of the transition from the prescientific to the scientific thinking, hence the "tumult." We stilI have God on our lips and our coins, but no more in our hearts. If we are taken ill we may still pray, but we take penicillin alongside. We pray for peace but heap up H-bombs for safety.
We preach Christ and talk "overkill." This world is symbolized for me by the colossal statue of Christ, standing on a hill in Spain, stretching out His Arms to mankind, and wearing on His Head an enormous lightning conductor to protect Him, should the Almighty Father try to smite Him by lightning. We find the new expanding Universe a rather cold place and do not dare to abandon the old one. The trouble is that the two worlds cannot be mixed and the father inquisitor was right when he said to Galileo that "your teaching and the teaching of the church cannot exist side by side." We cannot build, unpunished, H-bombs by science either, and then run them with the XVIII Century egotistic, narrow, sentimental, and deceitful political thinking. It makes no sense to shoot astronauts out into space to reach other stars and erect ten-foot concrete walls to separate man from man. In its own time pre scientific thinking did build a stable world, but science has irretrievably undermined the acquiescence in misery as the attribute of human existence, and has undermined the old hierarchies of gods, princes, barons, haves and have-nots, well-fed and hungry, developed and underdeveloped.
There is no way back, and we have to face squarely, the free choice be tween undreamed of wealth and dignity, and self-destruction which science has offered. My problem is: to what is science leading, and whether science can build a world in which man can feel, once more, at home? I will attempt to answer these questions at the encl. after having given my case history. I wanted to understand life but found the complexity of physiology over whelming. So I shifted to pharmacology where, at least, one of the partners, the drug, was simple. This, I found, did not relieve the difficulty. So, I went into bacteriology, but found bacteria too complex, too. I shifted on, to physicochemistry and then to chemistry, that is, to molecules, the smallest units in those days. Ten years ago I found molecules too complex and shifted to electrons, hoping to have reached bottom. But Nature has no bottom: its most basic principle is "organization." If Nature puts two things together she produces something new with new qualities, which cannot be expressed in terms of qualities of the components. When going from electrons and protons to atoms, from here to molecules, molecular aggregates, etc., up to the cell or the whole animal, at every level we find something new, a new breathtaking vista. Whenever we separate two things, we lose something, Wieland put H-activation in the fore. I could show that both processes were involved. I simply knocked out O2 activation (and with it, respiration) by cyanide and then added methylene blue to the minced tissue. The dye restored respiration, replacing O2 activation. It was reduced by activated H and then reoxidized spontaneously. During these experiments I became fascinated by the succino-and citrocodehydrogenase. These dehydrogenases differed from other dehydrogenases by being bound to structure, and "struc ture" had to mean something very important. They could not possibly be just ordinary metabolic enzymes, they had to have some general catalytic role. If this was so, then the whole of respiration had to be inhibited once the succino-dehydrogenase was inactivated, which could be done by malonic acid, as shown earlier by Quastel. So I added malonic acid to the minced tissue, and respiration stopped. This proved that succinic acid (and citric acid) had to have some general catalytic activity and could not be simply metabolites, as thought before. These ideas were later completed by Krebs and are the foundation of the so-called "Krebs cycle." It was partly this discovery of the C, dicarboxylic acid catalysis which was honored later by the Nobel prize.
I also became interested in vegetable respiration, being convinced that there is no basic difference between man and the grass he mows. Plants, at that time, were divided into two groups: the "catechol oxidase" and "peroxi dase" plants. I started with the catechol oxidase plants which contain cate chol and a strong catechol oxidase. I simplified the accepted, rather complex ideas about this oxidation system. Then I shifted to "peroxidase plants" which are called so because they contain peroxidase in high concentration.
If peroxide is added to a mixture of peroxidase and benzidine, immediately an intense blue color appears due to the oxidation of benzidine. I found that if the reaction was performed with the plant juice, instead of purified peroxi dase, there was a very short delay, of a second or so, in the benzidine reaction.
This fascinated me. There had to be present a reducing agent which reduced In Cambridge I isolated the reducing agent found at Groningen. I crystallized it from oranges, lemons, cabbages, and adrenal glands. I knew it was related to sugars, only did not know which. "Ignosco" meaning "don't know" and the ending "ose" meaning sugar, I called this carbohydrate "Ignose." Harden, the editor of the Biochemical Journal , did not like jokes and reprimanded me. "Godnose" was not more successful and so, following My laboratory was soon filled with able young researchers. I went back to oxidation and was soon fascinated by an unknown yellow dyestuff, "cyto flave," with its splendid fluorescence and reversible reducibility. Having no spectroscope, I could not describe it properly. Now it is called riboflavin. I also became interested in lactocodehydrogenase, found its activity linked to a coenzyme, a nucleotide, which I isolated in quantity in order to hydrolyze it for its analysis. I had a strong hunch that pyridine derivatives were in volved as bases. I wanted to precipitate the hydrolysate with platinic chloride but when I came to it I found, to my dismay, the bottle of platinic chloride empty. With the shortage of chemicals my efforts to get hold of some platinic chloride failed, and so my hydrolysate just withered away. I followed practically the same route which led Warburg to the discovery of the pyridine nucleotides.
One day a nice young American-born Hungarian, J. Swirbely, came to Szeged to work with me. When I asked him what he knew he said he could find out whether a substance contained Vitamin C. I still had a gram or so of my hexuronic acid. I gave it to him to test for vitaminic activity. I told him that I expected he would find it identical with Vitamin C. I always had a strong hunch that this was so but never had tested it. I was not acquainted with animal tests in this field and the whole problem was, for me, too glam ourous, and vitamins were, to my mind, theoretically uninteresting. "Vita min" means that one has to eat it. What one has to eat is the first concern of the chef, not the scientist.
Anyway, Swirbely tested hexuronic acid. A full test took two months but after one month the result was evident: hexuronic acid was Vitamin C.
We made no secret of this and finished the test which left no doubt about the identity. So, we (Haworth and I) rebaptized hexuronic acid to "ascorbic acid."
There we were. Ascorbic acid seemed medically most important but there was none of it, and none of the available vegetable sources allowed big-scale preparation. Adrenals were not available, in quantity, in Hungary. happened, Szeged is the center of the paprika (red pepper) industry. Paprika was not available at Cambridge. I once saw it on the market but the vendor cautioned me that it was poisonous. One night we had fresh red pepper for supper. I did not feel like eating it and thought of a way out. Suddenly it occurred to me that this was practically the only plant I had never tested.
I took it to the laboratory and about midnight I knew that it was a treasure chest of vitamin C, containing 2 mg per gram. A few weeks later I had kilo grams of crystalline Vitamin C which I distributed all over the world among researchers who wanted to work on it. This soon made complete analysis and synthesis possible. I received my Nobel prize partly for this work which also led to another unexpected discovery. When I still had only impure but highly concentrated solutions of ascorbic acid we tried my extracts in cases of Henochs' Purpura. In scurvy there is a great capillary fragility causing subcutaneous bleeding, so it seemed logical to try my extracts in purpura (subcutaneous bleeding). They worked. When I had crystalline ascorbic acid we tried it again, expecting a still stronger action. It did nothing. Evidently, my impure extract contained an additional substance responsible for the action. I guessed that it might be "fiavones" which did the trick. My guess proved right. I isolated the flavones from "paprika" and they cured purpura.
I called this group of substances Vitamin "P." I used the letter P because I
was not quite sure that it was a vitamin. The alphabet was occupied only up to F so there was ample time to eliminate "P" without causing trouble if the vitamin nature became disproved.
I felt I had now enough experience for attacking some more complex biological process, which could lead me closer to the understanding of life. and glycerinated (extracted with diluted glycerol at low temperature) the psoas muscle of the rabbit. This method is now widely used for conservation of biological material such as sperm. On addition of ATP, my glycerinated muscle contracted, developing the same tension as it developed maximally in vivo. This satisfied me and I was sure that in a few weeks' time the whole problem of muscle contraction would be cleared up, but ten years later I still did not understand muscle, which made me conclude that something had to be missing from our basic ideas, something that was essential for the under standing of energy transformation. So I left muscle to find what this some thing is. This took me, gradually, into my present field, that of electronic dimensions and mobility.
As a temporary president of my university at Szeged, I tried to put into action the ideas picked up in the west. I created an intense cultural life among students which culminated in our producing Hamlet, and producing it well. But my democratic ideas brought me more and more into conflict with the rising tide of fascism. It was not I who went into politics. Politics:came into our lives and when books were burned and my Jewish friends were prosecuted I had to say "yes" or "no." I said "no" and when later, during World War II a group of leading Hungarians came, secretly, to me and asked me to do something to save Hungary from Germany's grip, I went, under cover of an alleged lecture, to Istanbul to get in touch with the British and American diplomats to see what could be done. This was a risky undertaking, for German-occupied territory had to be crossed and Istanbul was the spy ing center, with highly developed techniques, and I was a newcomer in this business. I felt that I could be more useful if I did not go merely as a private individual to Istanbul and took a chance. I went to our Prime Minister, Mr.
M. Kallay, and told him about my plans. Outwardly, Mr. Kallay was a Nazi, but I suspected that he was a good Hungarian, waiting for his chance to bring his country over to the other side. My guess was right. Instead of hav ing me arrested he asked me to represent him and convey certain messages to the Allies. In Istanbul I succeeded in getting in touch with the head of the British Secret Service, making with him detailed plans which soon had the blessing of London. What made these dealings exciting was that, till the end, I could not know for certain whether I was dealing with the British, or the German Secret Service. This I could only find out later, when crossing Ger man territory. Not being arrested on my return, I was finally sure that it was the British to whom I had talked.
Unfortunately, the secret of my mission leaked out, and I could not set up a secret wireless station which was essential for my plans. Going home, I still continued working for an understanding with the Soviets.
If we had to live toether, we had better understand each other. The Russian people are a fine people whom one cannot help liking once one knows them.
I thought, also, to have another vocation: to help rebuild the devastated culture of Hungary and save our leading intellectuals from starvation. I could help only a limited number, so I started a new "Scientific Academy,"
and selected its members, 50 or 60. The Academy consisted, chiefly, of a grocery store which was kept well-stocked and from which members of the Academy could take what they needed, free of charge. A friend of mine helped me finance this enterprise. He also helped me to establish a new school of biochemical research. This was not easy, because, to find a potato in those days was a full-time job, and if I wanted my associates to work I had to feed them. My laboratory looked like a chick embryo with its great vitelline sack.
It consisted of a big kitchen, led by my wife, and a laboratory, led by myself.
Personally, I had no complaints against the Soviet, who always gave me the most distinguished treatment. In order to stock my "Academy" I needed trucks and with my friend, the writer, L. Zilahy, we asked for trucks from
Marshall Voroshilov who readily complied. With these trucks we established a travel agency. In those days everybody wanted to get away from the capital but there was no transportation. So, we could charge high prices for taking people to the country, where, with the fares collected, we bought food for the Academy.
In spite of the personal favours it became more and more difficult for me But to have spent so much life and energy in vain is depressing, and I have to ask myself, as so many other scientists must do: has research any sense?
Should science not be stopped till man reaches the maturity necessary to deal with the forces which science creates, without the danger of self-destruction?
In a way, the question has no sense, for scientific progress cannot be stopped. Human curiosity cannot be quenched. The question is, rather:
does scientific progress offer a way out? To this question my answer is an emphatic "yes."
In the preamble, I have touched upon two facets of science, its ways of thinking and the tools it creates. The danger of our days is that politics has run away with the tools, leaving the way of thinking behind. The forces created by science can be handled only by the mentality which created them.
So if there is a way out it is not in suppressing, but in spreading science till scientific thought becomes sufficiently strong to create its own world order.
It may be objected that human relations are not dominated by thoughts but by morals, and science has no moral content. Morals are the simple pre scriptions which make living together possible. They have no intrinsic mean ing. It would make little sense to say to a tiger: "Thou shalt not kill," or preach to a mouse: "Thou shalt not stea1." But a human society cannot exist without such rules.
But is it true that science has no moral content? Is science not more than just a method of thinking, tools, or a collection of data and books? Is science not a living society? I think it is. To me, science, in the first place, is a society of men, which knows no limits in time and space. I am living in such a com munity, in which Lavoisier and Newton are my daily companions; an Indian or Chinese scientist is closer to me than my own milkman. The basic moral rule of this society is simple: mutual respect, intellectual honesty, and good wil1. So I think science does have its moral code which it offers as its third facet on which a new world order can be built. Science has raised man from stench and dirt, liberated him from the miasmas which decimated him in earlier times. It allows the bearing of children without fear. It has already
shown the possibility of a dignified life, the expectation of which it has greatly extended. It is true, it has reduced man to a very modest place in Creation, but, then, why not try to lift ourselves, acce pting the responsibility for our own fate? Why pull down one another, further poisoning our own atmos phere, showing how easily life can be wiped out? Science has opened endless possibilities for expansion if we work together instead of snatching small advantages from one another. Science has helped us to understand and mas ter Nature. Maybe it will help us to understand and master ourselves, creat ing an elevated new form of human life, the wealth and beauty of which can not be pictured today by the keenest imagination.
